Stress is an unavoidable consequence of life. It is described as adverse emotions or reactions to unpleasant experiences. Thus, stress can be viewed as a process with both psychological and physiological components. The possible mechanisms by which psychosocial factors act on periodontal tissues are oral hygiene negligence, changes in dietary intake, smoking, bruxism, gingival circulation, alteration in salivary component and flow, hormonal changes and lowered host resistance. During stress hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system interact and release glucocorticoid which has myriad of effects that disrupt homeostasis and lead to increased susceptibility to periodontal diseases. The dental practioner, thus, may always decide to refer patients to appropriate professional for assistance and counselling. Therefore, reducing stress and improving coping strategies may improve the periodontal prognosis and treatment outcomes. The aim of this review is to provide an insight into the relationship between psychological stress and periodontal diseases.
Introduction
The term stress, when used in layman terms, describes an adverse emotions or reactions to unpleasant experi-
Pathophysiology of Stress Response
Psychosocial stress can affect the periodontal tissues directly through biological mechanism and indirectly through the changes in life-style such as ignoring oral-hygiene measures, smoking more heavily and consuming more fat and sugar in Diet [5] . Hence, there are two proposed mechanistic links: one biological and the other behavioural [6] .
The biological mechanism emphasizes how stress and depression can reduce immune system function and facilitate chronic inflammation. Whereas, in physiological response to stress, the hypothalamus-pituitary-adrenal cortex (HPA) axis is stimulated that leads to secretion of corticotropin-releasing factor and vasopressin from anterior hypothalamus, which act on the hypophysis. The pituitary gland, in turn, releases adrenocorticotrophic hormone, which acts on the adrenal cortex and increases production and release of cortisol and glucocorticoid hormones. The glucocorticoids then reduces immunocompetence through myriad of effects including, • Suppression of the inflammatory response.
• Inhibiting immunoglobulin IgA, IgG and neutrophil function which leads to increased biofilm colonization and reduced ability to prevent connective tissue invasion.
• Modification of cytokine profiles primarily interleukin-1 and TNF α.
• Elevation of blood glucose levels.
• Altering the levels of certain growth factors.
Additionally, after periods of chronic elevation, cortisol loses its ability to inhibit inflammatory responses initiated by immune reactions, which leads to chronic inflammatory destruction within the periodontium. The autonomic nervous system also gets activated to induce release of adrenaline from the adrenal medulla, while various neuropeptides such as substance P are released from sensory nerve fibers [7] . Under ideal circumstances these factors function in harmony to enable the organism to ward off the stressful event and maintain homeostasis (Figure 1) .
The behavioural mechanism emphasizes that people suffering from stress and depression may increase poor health behaviours, such as smoking or drinking more frequently, consuming an unhealthy diet and neglecting their oral hygiene. This leads to increased oral biofilm burden and decreased resistance of the periodontium to inflammatory breakdown. In an early study, adult subjects under financial strain and exhibiting poor coping behaviours were reported to be at increased risk for severe periodontitis [8] . Periodontitis patients with inadequate stress behaviours strategies (defensive coping) were suggested to be at higher risk for severe periodontal diseases [9] . Despite numerous clinical and epidemiological studies that confirmed an association between psychological stress and periodontitis, biological mechanisms involved are not fully understood [10] - [12] .
Discussion

Influence of Stress on Periodontium
Stress is regarded as a cognitive perception of uncontrollability and/or unpredictability that is expressed in a physiological and behavioural response [1] . Stress is often classified as acute and chronic types. Acute stress lasts for a period of minutes to hours, whereas chronic stress persists for several hours, a day, weeks or even months. In case of acute stress, stress response may prepare the immune system for challenges such as infection that may be imposed by the stressor [13] . When stress becomes chronic, it may influence inflammatory processes leading to development of systemic or local diseases such as rheumatoid arthritis [14] , diabetes [15] , cardiovascular diseases [16] or periodontal diseases [17] .
An association between stress and periodontal disease was suggested over 50 years ago and has subsequently been supported by numerous studies. The first prospective longitudinal study for one year was conducted by Freeman and Goss (1993) [18] to investigate a relationship between stress and changes in periodontal status. The study concluded that oral hygiene negligence was related to increase in periodontal attachment loss. The most recent literature on the relationship between stress, depression and periodontal disease are significant because they address critical areas of interest surrounding an important perio-systemic connection [10] [19]- [21] .
Numerous studies have also reported an increased susceptibility to systemic diseases and delayed wound healing in both animals and humans who are subjected to chronic physical or emotional stress [22] . The mediating effect of chronic stress on periodontium can be explained by diminished immune response which causes release of local neuropeptides such as substance P and neurokinin A, that may provide a mechanism for neural modification of inflammatory changes in the periodontium [3] [23] .
The possible mechanisms by which psychosocial factors act on periodontal tissues are oral hygiene negligence, changes in dietary intake, smoking, bruxism, changes in gingival circulation, alteration in salivary flow and components, endocrine hormonal changes and lowered host resistance [24] . For example, individuals who smoked, had inadequate dietary habits, consumed alcohol or were physically inactive tended to be more irregular tooth brushers. It is reasonable to assume that such individuals are affected by anxiety or depression and poor coping skills. Harmful effects that result from psychic influence on the organic control of tissues are known as psychosomatic disorders. There are two ways, in which psychosomatic disorder may be induced in the oral cavity:
1) Through the development of habits that are injurious to the periodontium.
2) By the direct effect of the autonomic nervous system on the physiologic tissue balance. Moreover, personality types, mental stability status, psychological disorders, lifestyle, variations in locus of control and coping style may alter the effects of stress. Harmful effects of stress in humans have been associated with undesirable life events such as financial and occupational strain, perceived ill health, loss of a spouse or loved one, academic strain, low socioeconomic status, low level of education, military combat, excessive noise, and marital difficulties.
Stress and Physiological Changes Alterations in Salivary Flow and Components
Psychosocial stress or emotional disturbances produce a transient reduction in salivary flow and changes in the salivary components. Saliva in turn, relates to plaque formation, calculus deposition, and antibacterial and proteolytic activities, all of which may have a bearing on periodontal disease. Blood and saliva can be used to monitor the systemic as well as the oral health status [25] . Furthermore, stress is also a factor that can be followed by analysis of saliva, especially by determining the levels of stress-related markers [26] . These markers have biological properties that influence genesis and development of periodontal diseases. There are numerous stressrelated molecules involved in different aspects of stress response.
1) Cortisol
Cortisol is a well-known stress-related hormone that can be detected in blood, saliva and gingival crevicular fluid (GCF) [27] [28] . Salivary level of cortisol reliably reflects HPA axis activity and is used in human psychological studies as a biological marker of stress [29] . Cortisol acts as an anti-inflammatory and immunosuppressive hormone by inhibiting the formation of T lymphocytes and suppressing the function of natural killer cells (NK) or macrophages [30] [31] . In addition to these effects, it induces an increase in blood sugar concentration and influences fat metabolism [32] . Recently, salivary-free cortisol was suggested to offer advantages over serum cortisol [33] .
2) Catecholamines Catecholamines relay information from the CNS to the immune system [34] . Catecholamines modulate a wide range of immune functions, including cell proliferation, inhibition of proinflammatory cytokines such as interferon gamma (IFN-α), interleukin-2 (IL-2), interleukin-6 (IL-6) as well as interleukin-12 (IL-12) and tumour necrosis factor-alpha (TNF-α) [35] , suppression of lymphocyte proliferation, NK activity [36] , antibody production and cytolytic activity [37] . Salivary catecholamines are elevated by psychological stress factors and serves as a useful index of sympathetic adrenomedullary system activity (SAM) [38] .
3) Chromogranin A Chromogranin A has the potential to act as a useful index of psychological stress [39] since it is secreted from the adrenal medulla and sympathetic nerve endings as well as by serous and ductal cells of human submandibu-lar gland. Thus, it is considered to be a sensitive and important index of SAM and a nnovel stress marker in the saliva [40] [41].
4) Neuropeptides Neuropeptides such as Substance P is important in initiating and sustaining inflammation, increasing pro-inflammatory cytokine production and by limiting the production of transforming growth factor-b (TGF-b) and interferon gamma (IFN-c) activated macrophages [42] .
These markers generally act as hormonal mediators and play a role in the ability of stress to promote diseases by influencing the host response [43] .
5) Stress and Lowered Host Resistance Periodontal diseases are inflammatory diseases associated with local and systemic elevations of pro-inflammatory cytokines such as TNF-a, IL-6 and prostaglandins and result in tissue destruction by the contribution of MMPs [44] [45] . Stress impairs the balance between pro-inflammatory and anti-inflammatory responses. The relationship between stress and periodontal diseases might be mediated by alterations in GCF IL-1, IL-6 levels and reduction in polymorphonuclear leucocyte chemotaxis and phagocytosis and reduced proliferation of lymphocytes [46] .
Psychosocial stress stimulates the brain where its stimulation or inhibition is dependent on adaptive and maladaptive coping respectively. On stimulation, the autonomic nervous system leads to prostaglandins and proteases secretion that leads to periodontal disease progression. The hypothalamo-pituitary-adrenal axis (HPA) leads to a production of glucocorticoids (cortisol) that depresses the immune system by diminishing the IgA and IgG secretions thereby enhancing the periodontal disease progression and poor treatment response [47] . Subsequently, this process could increase vulnerability of periodontal tissues to pathogenic microorganisms by activation of cellular responses leading to local tissue destruction [48] .
Patients suffering from periodontitis who are under stressful conditions have increased levels of IL-6 [49] and IL-1b [50] in GCF, and similarly, patients with aggressive forms of periodontitis have elevated levels of IL-6 and IL-1b in serum. On the contrary, another study failed to find any correlation between IL-6 and IL-1b and cortisol levels in peripheral blood of aggressive forms of patients with periodontitis [51] .
A number of studies have investigated the effects of circadian rhythm on the stress-related markers such as cortisol. Cortisol has increased concentrations towards the early hours of the morning peaking shortly after awakening and decreasing concentrations over the day and lowest at night [52] .
Stress and Behaviour Changes
Stress influence the consequences of behavioural patterns, extending from negligence of oral hygiene to dietary inadequacies, poor sleep patterns, use of tobacco products, alcohol consumption that contribute to the "vicious cycle" of increasingly severe forms of advanced periodontal inflammation and disease. 1) Oral hygiene negligence and stress It is obvious that proper oral hygiene is partially dependent on the mental health status of the patient. Some patients may be disturbed or distracted psychologically so that personal hygiene is neglected. Other patients may intentionally ignore oral hygiene to fulfill deep neurotic needs.
2) Changes in dietary intake Emotional conditions are thought to modify dietary intake, thus indirectly affecting periodontal status. This can involve for instance, the consumption of excessive quantities of refined carbohydrates and softer diets, requiring less vigorous mastication and therefore predisposing to plaque accumulation at the proximal risk sites.
3) Parafunctional habits One classical hypothesis for the role of stress in periodontal diseases was directly caused by bruxism and clenching that directly led to loss of periodontal attachment apparatus in the absence of other factors. Bruxism can occur as brief, rhythmic strong contractions of the jaw muscles during eccentric lateral jaw movement or in maximum intercuspation, which is called clenching. The patient may be completely unaware of these repeated and sustained forced contacts of the teeth that seem to have no functional significance in humans. Certain types of individuals seem to be predisposed to bruxism. Olkinuera (1972) [53] divided bruxers into 2 categories, a) Those associated with stressful events and b) Those without any association of stress. There is little evidence to suggest that bruxists have personality derangement or mental illness. But it has been proved that brain-damaged children and mentally retarded individuals have a higher prevalence for bruxism. 4) Use of tobacco and its products Understanding the cytotoxic effects of tobacco use and nicotine dependence is essential for adequate patient management. Nicotine is a highly psychoactive tertiary amine. Chronic exposure to nicotine stimulates release of dopamine into the central nervous system (CNS), neuronal cleft, and other sites and proliferation of nicotinic acetylcholine receptors on postsynaptic neurons. Brain metabolism initially increases and then stabilizes in the presence of nicotine. With repeated exposure, CNS stimulation by nicotine gradually wanes and the presence of nicotine becomes necessary to ward off withdrawal symptoms. Nicotine dependence is not only a "risk factor" for other diseases, but is a disease requiring treatment in its own right.
Psychosocial Stress and Periodontal Diseases
1) Stress and Gingivitis
Gingivitis is the organism's response to persistent microbial plaque and is characterized by a well-established inflammation affecting the superficial gingival connective tissue [54] . Stress diminishes the salivary flow and increases the dental plaque formation which leads to gingival inflammation. A group of authors analyzed the effects of psychological stress on local proinflammatory responses of the gingiva under acute inflammatory conditions for several days. They found that acute psychological stress increased local proinflammatory responses [55] .
A series of studies were conducted on students experiencing academic stress during examination by Deinzer et al. [56] - [59] to evaluate the effect of stress on periodontal health. They concluded that academic stress was shown to be a risk factor for gingival inflammation with increasing crevicular interleukin-1 β levels and a diminution of the quality of the oral hygiene. In a pilot study in 1998, Axtelius (1998) [60] showed the presence of cortisol in gingival crevicular fluid.
Pindborg (1951) [61] reported that 98% of the ANUG patients were smokers and that the frequency of ANUG increased with an increasing exposure to tobacco smoke. It has not been established whether this correlation occur because:
(1) Tobacco smoking has a direct toxic effect on the gingiva (1) Depressed PMN chemotaxis and phagocytosis and (2) Reduced proliferation of lymphocytes upon stimulation by a nonspecific mitogen. They also suggested that depression of some host defense mechanisms, under stress conditions, might be important in the pathogenesis of ANUG.
2) Stress and Periodontitis Acute psychological stress induces the local release of IL-8, an important proinflammatory agent and a marker of proinflammatory activity, which occurs very quickly. However, like other cytokines (e.g., IL-4 and tumor necrosis factor-α), preformed IL-8 is found to be stored within the granules of various cells that can release these proteins very quickly. A rapid IL-8 release from endothelial cells has been observed within 15 minutes [63] - [71] . Page et al. (1983) [72] described aggressive periodontitis as a particular disease and established the link existing between aggressive periodontitis and psychosocial factors and loss of appetite. In a case-control study in 1996, Monteira da Silva [73] showed that people with aggressive periodontitis were more depressed and more socially isolated than people with chronic periodontitis or control group. Kamma and Baehni (2003) [8] conducted a study to evaluate the clinical and microbiological status of patients with aggressive periodontitis who had received supportive periodontal care every 3 -6 months for a period of 5 years following active periodontal treatment. The results showed that supportive periodontal care was effective, but some sites in some patients were still progressive which can be explained by presence of variables such as Porphyromonas gingivalis, Treponema denticola, total bacterial load, number of acute episodes, number of teeth lost, smoking and stress responsible for progression of the disease. Genco et al. (1999) [74] evaluated relationship between psychosocial stress, coping in response to stress, and periodontal disease in a cross-sectional epidemiological study of 1426 adults, aged 25 -74 years. The results indicated a significant role of financial strain in relation to alveolar bone loss and periodontal attachment loss, after adjusting not only for age and gender, but also for smoking. Interestingly, individuals with a problem-solving coping style for stress management fared better than those who exhibited a more emotionally focused and less adequate coping response to psychosocial strain. The pattern of results from this study suggests to the authors, quite reasonably, that effects of psychosocial stress on periodontal disease can be modulated by adequate coping behaviours. Wimmer et al. (2005) [75] assessed the influence of coping with stress on periodontal therapy and concluded that patients with maladaptative coping strategies have more advanced disease and poor response to a non-surgical periodontal treatment. Thus maladaptative behaviours are of great importance in the medical history, treatment and maintenance of patients with periodontal disease.
Response to Periodontal Treatment
Management of Stress
Coping against stress is the effort to try to reduce, control or tolerate the state of stress. It needs adjustment, adaptation and confrontation strategies. These coping strategies may be used in generalized stressful situations. Individuals use coping measures to reduce its intensity or to overcome stress altogether. A successful coping is when the subject has the feeling to face the stress and able to control the given situation. An unsuccessful coping is when the subject is submerged by stressor agents and is in the reaction of stress [76] (Figure 2 ).
The International Stress Prevention Centre
The International Stress Prevention Centre (CSPC or Community Stress Prevention Centre) was established in 1981 Kiryat Shmona, Israel. CSPC is the oldest organization in Israel that deals with the treatment and prevention of psychotrauma. It is a registered NGO which promotes stress and crisis management on National, Organizational, Community and individual levels worldwide.
Stress Reduction Protocol
The stress reduction protocol includes two series of procedures that when used either individually or collectively, act to minimize stress to the patient during treatment and thereby decrease the degree of risk presented to the patient. 2) Medical consultation.
3) Premedication (Antianxiety or sedative-hypnotic drugs given one night before the appointment or one hour before appointment).
4) Appointment scheduling. 5) Minimized waiting time to reduce anxiety. 6) Vital signs monitoring: BP, heart rate, rhythm and respiratory rate 7) Psychosedation.
Stress Reduction by the Patient Includes
There are several ways of coping with stress. Some techniques of time management may help a person to control stress. The Journal of the Canadian Medical Association have recently dubbed "Destressitizers" as any process by which an individual can relieve stress. 1) Regular exercise helps to burn off and use up the stress hormones and neurochemicals.
2) The benefits of meditation and other relaxation techniques for 20 to 30 minute sessions a day can have lasting beneficial effects on reducing the stress levels.
3) Elimination of drug use and not more than moderate alcohol use are key to the successful management of stress.
4) Strengthen your relationships by building a strong support network which works as greatest protection against stress. Spend time with the people you love and don't let your responsibilities keep you from having a social life. 
Conclusion
There is no doubt that stress has important clinical implications in periodontal disease development and also influences treatment outcomes. Identifying reliable stress-related biomarkers in saliva may eventually end up in development of chair-side tests with potential multidisciplinary applications. The dental practioner may always decide to refer patients to appropriate professional for assistance and counselling. Therefore, determining patients under chronic stress could develop specific multidisciplinary treatment strategies for ultimate effects of coping with stress factors and improvement of prognosis and outcome of periodontal treatment.
